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COMPLKTB SPECIFICATION 
Improvements relating to Fluid Controlled Devices 



"We, INTEBNATIONAL BDSIKOSSS MACTOKES 

Corporation, a Corpoiaiioii organized and 
existing under the laws of the State of New 
York in the United States of America, of 
Armonl^ New Yoric 10504, United States of 
America (assignees of Richabd Eixis Nor- 
wood) do hCTel^ declare the invention for 
which we pray that a patent may be granted 
to us, and the meihod by which it is to be 
perfonned, to be particularly described in 
and by the following statement : — 

This invention relates generally to a fluid- 
controlled device. 

Many devices have been devised by which 
the pressure and flow of fluid can be con- 
trolled to operate valves and indicating appara- 
tus. Hiese devices are generally required to 
perform amplification and switching of fluid 
control signals and provide output signals of 
sufficient pressure to perform a function at a 
subsequent stage. The prior fluid controlled 
devices include those of the fluid amplifier 
type and the type in which a movable piston 
or vane is used to divert or stop fluid flow. 

The object of the present invention is to 
provide an improved fluid controlled device. 

According to the invention, a fluid con- 
trolled device ccwnprises means defining a 
fluid flow path between an inlet and an out- 
let including two fluid flow restrictors and at 
least two chambers di^osed between said 
restrictors, each chambCT containing means 
operable, by the application of a respective 
fluid pressure control signal to terminate the 
flow of fluid through said chamber, and at 
least one output channel connected to said 
fluid flow path between said rectrictors to 
provide an output signal which is a logical 
function of said fluid pressure control signals 
applied. 

The invention will now be described with 
reference to the accompanying drawings, in 
which : — 

iPri 



F5guie 1 is a plan view of a fluid controlled 
device; ' ' '" ' ' ' 

Figure 2 is a sectional view of the device 
shown in Figure 1 and taken along die lines 
2 — 2 thereof; 

Figure 3 is a plan view of a two stage 
arrangement of fluid controlled devices in 
which positive output control signals are 
provided for the flmd supply in response to 
either the presence or absence of a control 
signal; 

Figure 4 is a schematic diagram of the 
device shown in Figure 3; and 

Figures 5 to 8 are schematic diagrams of 
the OR, NOR, AND and NAND logic bkxte 
which can be constructed in accordance with 
the invention. 

Referring to Figures 1 and 2, there is 
shown the basic element of a fluid controlled 
device from which various logic control devices 
in accordance with the inventicm can be 
assembled. The de^^ce 10 comprises a laminar 
blod; 11 of imperforate material, such as a 
plastic or metal, having an entry flow path 
12 leading to a chamber 13 that is provided 
with an exit flow path 14 therefrom. Extend- 
ing from wall 15 to the chamber is a ridge 16 
and secured to the opposite wall 17 is a thin, 
flexible diaphragnu 18 of an elastic material 
such as rubber which forms a control com- 
partment 19. The flow path is also formed 
with a restriction or flow resistance 20, which 
can be a blocking plate having a hole therein, 
in the input path 12 and a similar flow restric- 
tion 21 in the exit flow path 14. The hole 
size enables the chamber pressure to be regu^ 
lated as desired. Communicating with com- 
partment 19 is a control chaimel 22 through 
which control fluid pressure pulses Po are 
directed. 

Two output channels 23 and 24 are pro- 
vided by which output signals are obtained 
in response to the input signals applied at 
control chaimel 22. The fluid pressure in 
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channel 23 is normally at the lower of two 
levels tlierein and the fluid at channel 24 
is at Ac higher of two levels when no con- 
trol signals appear in control channel 22. In 

5 this instance fluid item, a suitable pressine- 
regulated supply Pa flows through restriction 
20, around ridge 16 by deflecting diapihragm 
18, and out through exit restriction 21 to 
atmosphere or a suitable piessnie sink Pa, 

10 The fluid pressure Pi or Pe in d.1her of the 
respective output channels 23 or 24 is of 
the same pressure; When a pressure signal 
appears in chaimdl 22 which is sufficient to 
seal diaphragm 18 against ridge 16, output 

15 channel 24 is effectively cut aS from the 
suppily pressure and thus its pressure vnll 
drop substantially instantly to atmo^iheric. 
The pressure in output channel 23 will rise 
approxinHtely equal to die supply pressure. 

20 The diaphia^ valve of device 10 does not 
require a high volume of fluid because of tte 
reastances 20 and 21 whidi tend to limit 
flow when the device is open. Fluid, of cours^ 
does not pass to the atmosphere through exit 

25 channel 14 when the diaphragm is dosed. 
■VPhen the output channels 23 or 24 serve as 
control ducts in subsequent devices, there is 
usually ao fluid flow in those dhannds be- 
cause they are terminated in reflective 

30 diaphragm chambers where only the pressure 
of the output signals is iadicative of die signal 
transmitted. 

It will be evident that both output channels 
of the device 10 may be used together or 

35 only channel 23 or 24 can be used separately, 
depending upon the desired function to be 
attained. For exampki the output from 
channel 24 is the inverse of the control pres- 
sure so that the invert ifunction can be 

40 achieved. Assuming that channd 23 is blocfeed 
or eliminated, flow occurs from the sup^y 
pump ihrou^ resistance 20, through the 
diaphragm chamber and out through fluid 
resistance 21. The diaphragm 13 presents no 

45 impedance to fluid flow ance it is open. If 
the diaphragm tension is asumed to be 
ne^gible in the deflected position, as by pi»- 
fonning the diaphragm, and that the fluid 
resistances 20 and 21 have been set so that 

50 pressure at P. is a fraction such as 80% of 
the supply pressure, then the total force urg- 
ing the diaphragm open is the pressure Pa 
times the areas A, plus A^ (FIG. 2). As the 
control pressure Po is increased, it will have 

55 no effect until the control pressure times the 
area of the diaphragm exposed in compart- 
ment 19 equals the pressure Ps times the 
area of the diaphragm. As soon as the con- 
trol pressure exceeds the ratio of 0.7 tunes 

60 the supply pressure, the diaphragm snaps over 
against ridge 16. The force counteracong 
the control pressure is only the area A, multi- 
plied by the supply P, at that time. 

When control pressure Pc is reduced, the 

65 diaphragm will remain closed until it reaches 



such value that the area A^ times the supply 
pressure P, exceeds the control pres^izc times 
ihe entire area Ai plus As of the diaphragm. 
It can be seen that \dien the control pressure 
Po closes c& chamher 13, the output pressure 70 
Pj at channel 24 goes to atmospheric pressure 
Ptt. Thus the device may be used to perform 
the inveraon function of input control signals. 

When it is desired to use device 10 as 
an amplifier, output chamiel 24 may be elimin- 75 
ated or disreganicd and channel 23 used .to 
provide tiie ou^ut ^gnal in which the fluid 
pressure is Pi. The output pressure Pi is 
preset by the fluid impedances 20 and 21 
so that the output pressure is approximatjely 80 
0.2 of the supply pressure Pj. As the control 
pressure Po is increased, the output pressure 
Pi acting on area A^ will increase while the 
pressure acting on area A3 will decrease. 
The output pressure will vary so as to fceep 85 
the total resultant force on the diaphragm at 
zero if we again assume there is no diaphragm 
tension. When the control pressure P, becomes 
greater t^"" one-half the supply pressure Pj, 
the diaphragm will seal off the flow. The out- 90 
put pressure Fi will thiu be at the pressure 
of the supply which is acting on omy one- 
half the area of the diaphragm while the in- 
put control signal Po is at a pressure only half 
that the supply. When the device 10 is 95 
used as an amplffier, it is desirable that the 
downstream inqiedanoe or fluid restriction 21' 
be kept low relative to the upstream imper- 
ance 20, preferably in a ratio of a tenth of 
the upstream impedance. _ 100 

Diaphragm device 10, as illustrated in 
FIGS. 1 and 2, is readily adaptable for posi- 
tively controlling the transfer of power in 
another stage of diaphragm devices as shown 
in FIG. 3. In this arrangement the two 105 
outputs 23 and 24 from device 10 are each 
connected to the control ports. 30 and 31 
of respective diaphragm elements 32 and 
33. Tliese elements are, in turn, connected 
together serially between a fluid supply of 110 
pressure Pa and the atmosphere. No flow 
resistances are used in this arrangement in 
order to deliver the maximum pressure as an 
output signal at junction 35 intermediate the 
two devices. 115 

When a control pressure pulse at control 
channel 22 closes diaphragm 18, the pres- 
sure in channel 23 moves toward the supply 
pressure. The pressure is also effective at 
device 32 to start closing diaphragm 36. 120 
When diaphragm 18 does close, the pressure 
in channel 24 starts to decrease permitting 
diaphragm 37 of device 33 to open. For a 
brief time both diaphragms 36 and 37 are 
open producing pressure drop through the two 125 
serial devices. This loss of pressure is 
sufficient to permit the control pressure of 
channel 23 to close diaphragm 36 in device 
32 and maintain it closed. The supply pres- 
sure from channel 23 which is approaching 130 
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P, is ^ecdve over the eatiie servioe of 
diaphiagm 36 while ibe same piessiue P, is 
effective on only half the area of die opiiosite 
side. The output pressuie sigpal at junc- 

5 ticm 33 thus falls to atmo^heria 

When the control dgnal on channel 22 is 
removed, flow resumes dirou^ device 10 and 
the pressure in channd 24 increases which 
acts on diaphragmi 37. The flow through 

10 device 10 pemuts diaphragm 36 in device 
32 to apai so that both devices 32 and 33 
are open teciporaril^ producing a pressure 
drop across the devices. As a result the 
pressure in channel 31 is operable to dose 

15 diaphragmi 37. The supply pressure acts 
only on the upstream area of ^aphragmi 37 
because there is no resistance in the exit 
channeL Thus all presure drop occurs 
across the ridge in diaphragm 37. Thus, 

20 the pressure of output 35 increases to the 
supply pressure P.. WSfh device 10 con- 
nected in the manner described, one of dia- 
pluragm devices 32 or 33 is closed whedier 
or not a signal is present at contr(d channel 

25 22. 

Various logic element may be constructed 
by considering the device discussed above. 
TTiese elements are illustrated in FIGS. 4 
through 8. FIG. 4 is merely a schematic re- 

30 presentation of ib& device shown in FIG. 1 in 
which the electrical resistance symbol is used 
to represent fluid impedances 20j 21 and a 
circular symbol denotes the diaphragm logic 
device and input control signaL The supply 

35 pressure is indicated by P. and the estuiusc 
for atmospheric pressure is represented by 
Pa. This symbology is carried forward into 
the examples shown in FIGS. 5 through 8 
in whidi die OR and NOR elements are shown 

40 in FIGS. 5 and 6, with the AND and NAND 
elements shown in FIGS. 7 and 8. 

In the OR device of FIG. 5, a pltirality of 
diaphragm devices 40 and 41 are connected 
serially between irostream and downstream 

45 fluid resistance, llie ouq>ut Po in this case 
is taken immediately after the upstream resist- 
ance so that the output signi wiU rise in 
pressure at any time one of the diaphragm 
devices receives a fluid signal of sufficient 

50 pressure to close off the stream flow from the 
supply to atmosphere. The output signal 
will rise in pressure at the same time the 
input control signal rises. The NOR device 
of FIG. 6 is similar to the OR device except 

55 that the cmtput signal is taken between the 
last diaphragm device and the downstream 
fluid resistance element. At any time cme 
of the intervening fluid diaphragm devices is 
cut off by a control signal the output pres- 

60 sure will go down to atmospheric pressure, 
thus providing an inverted signal compared to 
the input control signal. 

The AND device of FIG. 7 incorporates 
muldple diaphragm devices 42 and 43 but 

65 these devices are connected in parallel between 



the upstream and downstream fluid resistance. 
Tn order to receive the posidve-going or 
iiKxeasing cmtput mgflsi pressure the output 
is taken intetn^diate the upstream fluid resist- 
ance and the diapihragm devices. No ou^ut 70 
signal will occur until aU devices of the 
diai^iragm units have received a crontrol signal 
to block fluid flow therethrough at which time 
a posidve-going output pressure signal will 
result. In the NAND device of FIG. 8 the 75 
diaphragm elements are arranged in a similar 
manner «cept diat the output pressure signal 
is taken intermediate the parallel-connected 
diaphragm devices and the downstream imped- 
ance. An inverted output signal is provided 80 
when all diaphragm devices receive positive- 
going control pressure signals. It can be 
seen that each of the outputs of the logic 
devices can be cxmnorted to operate sul^e- 
quent stages as desired. For example, the 85 
OR and NOR devices can be substituted for 
device 10 in FIG. 3 by the addition of another 
output channdL 

These devices can, of course, be arranged 
in various combinadcHis to provide the response 90 
deatred upon the occurrence of specified condi- 
tions. Since the diaphragm devices do not 
require a large supply of fluid because 
the reliance on pressure changes and restricted 
flow, many devices may be added to enlarge 95 
the capacity of the control system widiout 
reqiuring a larger capacity supply. 

It is to be noted that while the diaphragm 
devices have been illustrated as constructed 
of rectangular chambers, they may also be ICQ 
constructed with concentric inlet and outiet 
channels separated by a common wall. The 
diaphragm would overlie the bodt channels 
in this instance and be engageable with the 
wall to control fluid flow from one to the 105 
other of the channels. 

WHAT WB GLAIMi IS:— 

1. A fltud controlled device comprising 
means defining a fluid flow path between an 
inlet and an outiet including two fluid flow no 
restrictors and at least two chambers disposed 
between said restrictors, each chamber con- 
taining means operable by the appUcadon of 

a respective fluid pressure control signal to 
terminate the flow of fluid through said cham- 115 
her, and at least one output channel con- 
nected to said fluid flow path between said 
restrictors to provide an output signal which 
is a logical function of said fluid pressure 
control signals applied. 120 

2. A fluid controlled device according to 
claim 1, in which each means to terminate the 
flow of fluid includes a flexible diaphragm 
disposed in the associated chamber and oper- 
able by the fluid pressure control signal 125 
supplied through an input channel connected 

to said chamber. 

3. A fluid controlled device according to 
Qaim 2, in which said means further includes 
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a ndge formed in ^id chamber zgidnst ^licb. 
the rtKtphragrirt js adapted to lie, \rben the 
fluid vx^saxe control signal is suppHed 
tfanmg^ said inlet diamiel, to tenninate llie 
flow of fimd timn^ said chamber. 

4. A fluid controlled device acccoding to 
any of the pzeoedm^ claims, in wMch ibe 
output diamid is connected to said fluid 
Sxfw path between ibe zestrictor adjacent said 
inlet aiui the nears^ fluid flow terminating 
means. 

5. A fltdd controlied device acomiing to 
aiijr of daims 1 to 3, in wlucb the output 
cl^nnel is connected to said fluid flow patk 
between the lestrictor adjacent said outlet 
and the neatest fluid flow tenrrinaring means. 



6. A fluid controlled device according to any 
of tbe preceding claims, indnding at least two 
chambers oonnecced in parallel between said 
lestrictors. 

7. A fluid controlled device according to 
any of daims 1 to 5, indnding at least two 
chambers connected in series between said 
lestnctois. 

8. A fluid controlled device substantially as 
hereinbefore described with rdference to any 
one of Figures 5y 6, 7 and 8 of the acoan- 
panying drawings. 

M.J. W. ATCHUBY, 
Qiarteied Patent Agent, 
Agent for the Applicants. 
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